Construction of a Nonlinear System for SVD
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Figures S1 to S10 Table S1 listing spectral simulation parameters Table S2 listing In this study, the processed matrix X' with n spectra, whose mean value is zero, can be written as:
As shown in Figure S2 
Supporting Experimental Section
Data Scaling enlarges small signals relative to large ones by dividing each point by a factor.
Scaling is used in chemometric analyses of metabolomics data to adjust the variances to improve statistical pattern recognition 5, 6 . We evaluated scaling of the rows of data matrix X (see Figure S2 ) in analyses of NMR spectra of titrations containing weak peaks ( Figure S4 Figure S4 ). Important exceptions such as intermediate exchange ( Figure S4) NMR spectra and FIDs are given in Table S1 . Details are discussed in the following sections.
1D Spectral Simulations. 1D NMR line shapes were simulated according to Kovrigin 7 .
In the absence of scalar coupling, the modified Bloch-McConnell equations simplify to:
where M stands for the transverse magnetization vector for the spins in the exchanging system.
Ω and R are diagonal matrices of Larmor frequencies and transverse relaxation rate constants, respectively. K is the matrix of rate constants of each species. Assuming the total magnetization of the system is in a steady state ( 0), the intensities in the spectrum can be calculated:
where ν is the spectral frequency and P is the column vector of populations of species. FIDs were calculated by Hilbert transformation followed by inverse Fourier transformation. The simulation parameters are given in Table S1 . width at half maximum were modeled after 2 exchanging spins using the parameters listed in Table S1 . ( (Table S1 ) were used to simulate the spectra of Figure Construction of a Nonlinear System for SVD. The nonlinear system was constructed by embedding vectors, which were generated by Logistic map: 1 , where a=4.0 and n=1100 with unity delay as described in ref
The dimensions of the nonlinear matrix built are , where k = 1100 and m =70.
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(1 Figure S9E . Figure S7 . § The chaotic, nonlinear data are the matrix described as Equation S12. [Ligand] (purple) reports the true population change (dark green). C) Simulated 1D 1 H line shapes in slow exchange. Peak positions of the free and bound states are fixed. The free peak disappears and reappears as the bound peak. D) In the slow exchange regime, the peak shifts cannot provide the binding isotherm, whereas the changes in peak heights or volumes can. E) Simulated 1D 1 H line shapes in the slow-intermediate exchange regime. F) Changeover from fast into intermediate exchange causes the chemical shift perturbations to be less than expected of the weighted average of the free and bound populations. The resulted sigmoidal line is shown in purple. Simulation parameters are given in Table S1 . Figure S3 . Capture of main time courses of change by PCA of movies or NMR spectra. This is illustrated for time-lapse images of (A, B) a sunset, (C, D) microscopy of bacterial growth, and NMR spectra of (E, F) an enzyme. PC1 extracted from each series (using the algorithm of Figure S2 ) is shown in panels on the right. (E) NMR spectra detecting dephosphorylation of an enzyme over time color in green the peaks of the phosphorylated form, in purple the contours of the dephosphorylated form, and unshifted peaks with gray. The enzyme is 0.5 mM phosphomanno/glucomutase (PMM) monitored by Figure  S3A ,B, (B) the example of fast exchange in Figure 1C ,D, and (C) the NMR spectra of an enzyme undergoing dephosphorylation of Figure S3E ,F. The other cases plotted are (D) the real-time MRI movie of the ascending aorta in the chest cavity of Figure 5 and (E) the FHA domain titrated with a phosphopeptide, exhibiting fast-intermediate exchange in the HSQC spectra in Figure 3C ,D. For reference, (F) plots a standard example of a very nonlinear system based on a logistic map (see Supporting Experimental Section) evaluated similarly. [Lt]
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[Lt] Figure S10 . Recognizing significant PCs. The first three PCs from the 2-step binding of GCDA to bile acid binding protein in Figure 4 are plotted. PC1 is colored black, PC2 red, and PC3 with blue dashed lines. PC1 and PC2 are larger and smooth, making them more likely to be meaningful.
